Two-country applications of equilibrium business cycle methodology have succeeded in matching some key features of international fluctuations. However, discrepancies between theory and data remain. This paper identifies an anomaly related to a basic property of typical models: The prediction of countercyclical net exports is fundamentally related to a counterfactual implication for negative cross-country investment correlations. The introduction of investment adjustment costs can induce positive investment comovement; however, this has the side-effect of reversing the cyclical behavior of net exports. The calibration of a low elasticity of substitution between domestic goods and imports is shown to be a more robust specification with regard to this and other puzzles that have arisen in the international business cycle literature.
Introduction
Two country applications of equilibrium business cycle methodology-international real business cycle (IRBC) models-have been successful in matching many features of cyclical fluctuations and comovements across countries. One-commodity, two-county models (e.g. Cantor and Mark, 1988; Baxter and Crucini, 1993; Backus, Kehoe and Kydland, 1992) do reasonably well in matching withincountry patterns of volatility, persistence and comovement among macroeconomic variables. Two-good versions of the model have extended these results to replicate some of the observed patterns of trade flows and terms-of-trade fluctuations. For example, the baseline two-good model in Backus, Kehoe and Kydland (1995) predicts persistence of terms-of-trade fluctuations, the correlation between the terms of trade and net exports, and the countercyclicality of net exports that are generally consistent with the data. Backus, Kehoe and Kydland (1994) also show that the lagged cross-correlation function between the terms of trade and net exports displays a "J-curve" relationship that is similar to that seen in the data. Table 1 summarizes some of the empirical regularities that have been at the focus of much of the IRBC literature. For example, domestic output, consumption and investment are positively correlated and show a consistent pattern of variability relative to output. Fluctuations in net exports are consistently countercyclical and generally are negatively correlated with the terms of trade. IRBC models have been successful at matching these general features of the data. Table 1 also shows properties of international business cycles that have been more difficult to generate in typical IRBC models. Backus, Kehoe and Kydland (1995) refer to two of these anomalies as the "quantity puzzle" and the "price puzzle". First, models tend to predict very high cross-country consumption correlations, whereas the data in Table 1 show that consumption correlations tend to be lower than output correlations. 1 The price puzzle refers to the variability of the terms of trade. Models tend to predict a standard deviation for the terms of trade that is much lower than in the data.
An additional discrepancy-known as the "international comovement puzzle" (Baxter, 1995 )-refers to the cross-country correlations of factor inputs. In the data, investment and employment are positively correlated across countries, whereas models tend to imply negative correlations. The data in Table 1 show that for each of the countries considered, domestic investment is positively correlated with investment in the rest of the OECD. Table 2A illustrates the robustness of this empirical regularity, showing bilateral cross country investment correlations. Only two of the correlations in Table 2A have a negative sign, and in each case the magnitude is insignificantly different from zero. Table 2B shows that the corresponding bilateral correlations for employment also display a marked tendency toward positive comovement. However, IRBC models driven by shocks to relative productivity tend to predict negative correlations for these variables.
In this paper, I directly address the international comovement puzzle of negative cross-country investment correlations by introducing investment adjustment costs, and in so doing, identify an additional anomaly that is related to a basic feature of the model: The dynamics that generate countercyclical net exports and negative co-movement between net exports and the terms of trade-as seen in the data-are also related to the counterfactual prediction of negative cross-country investment and employment correlations. When investment adjustment costs are introduced to reverse the crosscountry investment correlation, implications for net exports and the terms of trade cyclicality are reversed and the J-curve pattern is no longer a feature of the simulated dynamics. In this sense, the ability of standard models to replicate key empirical regularities is shown to be fragile for typical calibrations.
An important parameter for generating more robust implications of the model is the elasticity of substitution between foreign and domestic goods. If the two types of goods are complements rather than substitutes, productivity shocks are associated with demands for domestic goods and imports being tied more tightly to steady-state relative shares. This magnifies the positive response of import demand when consumption rises following a positive productivity shock, enhancing the tendency of the model to predict countercyclical trade balance dynamics. Assuming a low substitution elasticity, the model with investment adjustment costs is shown to be capable of generating positive cross-country correlations of investment and work effort, as well as countercyclical net exports and a negative correlation between net exports and the terms of trade-retaining the J-curve pattern. This specification moves the model closer toward more realistic implications with regard to the quantity and price puzzles as well.
The outline of the exposition is as follows: Section 2 describes the baseline model and shows how the introduction of investment adjustment costs affects cross-country investment correlations and the dynamics of the terms of trade and net exports. Section 3 explores the sensitivity of these results to the elasticity of substitution between foreign and domestic goods, showing that an assumption of complementarity provides a more robust fit between the model and the data. Section 4 concludes. Notes: Statistics are based on Hodrick-Prescott filtered data. Variables are Y, real output; C, real consumption; I, real fixed investment; NX, the ratio of net exports to output (both at current prices); P, the ratio of import to export price deflators. Except for the net exports ratio, the natural logarithm has been applied to all variables before filtering. Foreign variables are defined as OECD totals minus own-country values, with own-country values converted to 1990 dollars using purchasing power parities. All data are from the OECD's Quarterly National Accounts. The sample period is 1970:1 through 2002:1. 
. 
Baseline Economy

Preferences and Technology
The baseline model economy is the two-good framework used by Kydland (1994, 1995) . It consists of two countries, each of which is inhabited by an infinitely-lived representative agent. Both agents have expected utility functions of the form where C t and N t are consumption and work effort, and
. Production takes place in each country using capital and labor. The home country produces X t of the x-good while the foreign country produces Y t of the y-good: 
The elasticity of substitution between domestic goods and imports is 1/η. The parameter a determines the relative shares of domestic goods and imports in consumption and investment. Capital stocks in the two countries evolve according to laws of motion given by where δ is the depreciation rate of capital. The equilibrium relative price of the home country's import (the terms of trade) can be computed from the marginal rate of substitution implicit in the Armington aggregator:
and the trade balance for the home country can be expressed in units of the domestic good as The exogenous technology shock variables A and A* follow a joint AR(1) process, International asset markets are assumed to be complete in the sense that agents have access to a complete array of state-contingent assets, so the equilibrium will be Pareto optimal and can be found as the 2 Papers departing from the assumption of complete asset markets include Baxter and Crucini (1995) , Arvanitis and Mikkola (1996) , Kollman (1996) , Heathcote and Perri (2002) , and Kehoe and Perri (2002) . 3 As, for example, in King, Plosser and Rebelo (1988) .
solution to a social-planner's problem.
2 With two equal-sized countries, the social planner's objective can be represented as maximizing the simple sum of the two agents' discounted expected utility, subject to constraints (1), (1*), (2), (2*) and the resource constraints:
Model Dynamics
Dynamic simulations of the model are calculated as the solution to a log-linear approximation of the nonlinear system of optimality conditions and constraints, using standard methods.
3 For all the second-moment results reported in this paper, the HP filter is applied using a frequency-domain representation of the HP filter's variance transfer function to the model's implied population moments (as in King and Rebelo, 1993) .
The model is calibrated using the baseline parameter values given in Table 3 , with most parameter values following those used in Backus, Kehoe and Kydland (1995) . Assuming quarterly time periods, the discount factor is consistent with a 4% real interest rate and an annual capital depreciation rate of 10%. The Cobb-Douglas parameters in utility and production are set so that the fraction of time spent working is 0.3 and that labor's share of output is 0.64. The parameters of the Armington aggregator are chosen to imply an import share of 0.15 and a baseline value for the elasticity of substitution between domestic goods and imports of 1.5. The parameters governing technology process are assumed to be those estimated by Backus, Kehoe and Kydland (1992) : ρ xx =ρ yy =0.906, ρ xy =ρ yx =0.088, and var(ε)=var(ε*)=.08325. The row labeled "Baseline Model" in Table 4 reports some of the key implications of this specification of the model. Consumption and investment are both highly correlated with output, the cross-country output correlation is positive, and net exports are negatively correlated with both output and the terms of trade.
The IRBC "puzzles" are also clear: Cross-country consumption correlations are higher than corresponding output correlations, the standard deviation of the terms of trade is far lower than seen in the data, and the model implies negative correlations of investment and employment across countries.
The interrelatedness of these features of the model is illustrated in Figure 1 , which shows impulse-response functions for a positive technology shock to the home country's production function. The increase in the home country's marginal product of capital attracts investment, absorbing resources from abroad (hence, inducing countercyclical net exports). However, this fundamental feature of the dynamics also is responsible for the negative cross-country investment correlation. The terms of trade respond to changes in the relative supply of home-and foreign-produced goods, which is magnified by the response of work-effort to the change in the relative marginal product of labor across countries. Given the assumption of complete asset markets, consumption would co-move perfectly if not for the substitution of leisure for consumption implied by the patterns of work-effort in response to marginal products of labor. However, this feature also generates the counterfactual implication of negative comovement of employment across countries.
The initial responses of investment and work-effort to productivity shocks dominate the dynamics summarized by the cross-country correlations shown in Table 4 . Nevertheless, the impulseresponse functions in Figure 1 show that the longer-run dynamics of these variables are characterized by positive comovement. As the direct effects of the productivity shock dissipate, accumulated capital is optimally shared more equally across countries, giving rise to a longer-run component of dynamics The elasticity value used here implies somewhat higher adjustment costs than the baseline calibration of , but it is within the range of reasonable values considered in their sensitivity analysis.
5 Note that the addition of investment adjustment costs raises the variability of the terms of trade. Moreover, crosscountry consumption correlations are lower and cross-country output correlations are higher in the adjustment-cost economy. These modifications work in the direction of resolving both the quantity puzzle and the price puzzle.
associated with a positive cross-country investment correlation. Moreover, the effect of these capitalstock dynamics on the marginal product of labor also imply a longer-run positive comovement of workeffort across countries. The introduction of a friction to dampen the initial impact-responses of investment and work effort to relative productivity shocks should therefore work toward generating positive (or at least, less negative) cross-country correlations of these variables. A fairly direct approach to dampening the initial response of investment is the introduction of investment adjustment costs.
Investment Adjustment Costs
Investment adjustment costs are modeled as a friction that reduces the effectiveness of investment in proportion to deviations from the steady-state path. In particular I employ the specification for investment adjustment costs used by Baxter and Crucini (1993, 1995) , modifying the capital accumulation equations to:
where the adjustment cost function has the properties φ(·)>0, φ'(·)>0, φ"(·)<0. The function φ(·) is calibrated so that the steady-state investment/capital ratio is the same as in the model without adjustment costs and the steady-state value of Tobin's q (given by 1/φ') is equal to 1. This leaves one free parameter to be calibrated-an elasticity which governs the response of the investment/capital ratio to
Tobin's q, ζ=[φ'(·)/φ"(·)]/(I/K).
The results reported below use a value of ζ=-4, which is sufficient to generate positive cross-country investment correlations with all other parameters unchanged from the baseline case. 4 The bottom row of figure in Table 4 reports the implied moments of the model with investment adjustment costs. Note that this added friction has predictable results: The volatility of investment is lower and the cross-country correlation of investment spending is now positive.
5 It should be noted that the introduction of investment adjustment costs is not intended to directly address the variability of investment. Indeed, the specification reported in Table 4 results in a standard deviation of investment relative to output that is unrealistically low. This magnitude of adjustment costs is necessary, however, to demonstrate the consequences of reversing the negative comovement of investment across countries. Figure 2 illustrates how investment adjustment costs alter the responses of investment to a home-country productivity shock. Fundamentally, the introduction of investment adjustment costs makes investment changes more costly (relative to the steady-state) and thus reduces the magnitude of the investment fluctuations in response to productivity shocks. Moreover, there is a relative price effect-illustrated in Figure 3 -that tends to further dampen the negative comovement of investment rates over the longer run. After a positive productivity shock in the home country, the relative price of the x-good declines. 
Figure 4: Adjustment Costs and Net Exports
In general, the increase in demand for home-produced goods for investment tends to dampen this relative price change. However, with the introduction of investment adjustment costs inducing a smaller initial increase in home-country investment demand, the relative price change is more pronounced-that is, the price of foreign goods rises more. This tends to raise investment demand in the foreign country, contributing to positive comovement of investment across countries as the effects of the initial shock are played out through the model's dynamics. Figure 4 shows how this modification affects the response of the home country's net exports. With the introduction of adjustment costs, net exports now rise rather than fall as an immediate consequence of the shock. Hence, in the absence of negative comovement of investment across countries, net exports are now procyclical, and the terms of trade covaries positively with net exports-eliminating the J-curve pattern. This exercise demonstrates that the ability of the baseline model to generate countercyclical net exports and a J-curve relationship between the terms of trade and net exports are directly related to its counterfactual implication for negative investment comovement.
The Role of the Substitution Elasticity
An important parameter governing the model's implied dynamics is the elasticity of substitution between foreign and domestic goods. The sensitivity of model dynamics to changes in the substitution elasticity has been noted in the literature. For example, the role of this elasticity parameter in endowment economies has been considered by Hagiwara (1994) [terms of trade fluctuations] and Pakko (1997) [the quantity puzzle]. Backus, Kehoe and Kydland (1995) conduct a sensitivity analysis of the substitution elasticity in regard to both the quantity and price puzzles, and Heathcote and Perri (2002) found it to be an important parameter in their investigation of international comovements in environments with limited asset-trade.
Lowering the elasticity of substitution has the effect of increasing the volatility of the terms of trade-directly addressing the price puzzle. And because lower substitutability between domestic goods and imports reduces incentives to substitute production locations, cross-country correlations of output are higher, as are cross-country correlations of investment and labor-addressing both the quantity puzzle and the international comovement puzzle. Table 5 presents labeled "unit elasticity" and "low elasticity" correspond to simulations of the model for values of 1/η=1 and 2/3, respectively. The baseline results for these cases are similar in many respects to the higher-elasticity version already considered. The performance of the model is improved marginally, but the puzzles remain.
After introducing investment adjustment costs, there are some important differences between the high-elasticity and lower-elasticity economies. It is still true that adjustment costs lower the volatility of investment and can reverse the negative cross-country correlation of investment. In the lower elasticity cases, however, net exports remain countercyclical and continue to covary negatively with the terms of trade.
Figures 5 and 6 illustrate the responses of the terms of trade and net exports to a home-country productivity shock for the low elasticity case. The terms of trade responses are similar to those illustrated for the higher-elasticity case, but a lower elasticity of substitution implies that relative price changes display greater volatility-directly addressing the price puzzle. This also contributes to a pattern of responses for net exports that remains countercyclical in the presence of investment adjustment costs. In the baseline model net exports are countercyclical for two important reasons: the first is linked to the counterfactual cross-country movement of investment, while the second is a termsof-trade effect. An increase in the supply of the home-produced good raises the relative price of homecountry imports, contributing directly to a decline in the value of net exports. In the model economy with low substitution elasticity, this relative price effect is more important so that the dampening of cross-country investment flows caused by adjustment costs does not reverse the pattern of net exports.
Note also that the introduction of investment adjustment costs tends to reinforce the ability of the low-elasticity version of the model to ameliorate the quantity and price puzzles. Consumption correlations are lower while output correlations higher; and the variability of the terms of trade increases considerably. Backus, Kehoe, and Kydland (1995) show that lowering the elasticity of substitution can only go so far in resolving the quantity puzzle in the baseline model. In the model with investment adjustment costs, however, very low elasticity parameterizations are associated with consumption correlations that are lower than output correlations. With an elasticity as low as 0.025, the model with investment adjustment costs generates a cross-country consumption correlation of 0.48 and a crosscountry output correlation of 0.50. Nevertheless, it is clear that none of the parameterizations reported in Tables 4 and 5 are successful in quantitatively matching key empirical regularities. While the low-elasticity version of the model is capable of generating countercyclical net exports without negative correlations for crosscountry investment and work-effort, the magnitudes of the correlations are still off the mark. In particular, investment adjustment costs are only able to produce very small correlations of investment across countries, and at the expense of unrealistically low volatility for investment. The point, however, is not that the model features considered in this paper resolve all the discrepancies between the model and the data, but that a low-elasticity parameterization is likely to be an important feature of richer model settings that can provide for better fit.
Discussion and Conclusions
The low-elasticity version of the model with investment adjustment costs performs well with respect to a number of issues, but how realistic is that parameterization? There exists a large body of literature measuring import demand and export supply elasticities [e.g. Stern et al., (1976); Whalley (1985) ]. This work suggests elasticities in the range of one to two, providing the baseline estimate used in standard models.
However, these measures are not conceptually identical to the substitution elasticity parameterized in the model. Empirical elasticity studies have tended to be conducted on a disaggregated basis, whereas the relevant empirical counterparts to the commodities represented in the model are bundles of goods. Some goods may be very close substitutes, other highly differentiated, some nontraded, some subject to trade distortions, etc. The relevant elasticity to consider is not a pure preference or technological parameter, but a composite that reflects a mixture of factors. For example, Tesar (1993) Stockman and Tesar (1995) found that the elasticity of substitution between traded and nontraded goods was a crucial parameter for replicating international business cycle properties, with low values generating more realistic simulation results. As shown in the Appendix, such a model implies that the relevant elasticity of substitution between the bundle of domestic goods (traded and nontraded) and imports-as specified in the Armington aggregator function-is lower than the elasticity of substitution between traded goods directly, as long as the elasticity of substitution between traded and nontraded goods is lower than that between domestic and foreign traded goods. The appropriate elasticity for calibrating the Armington aggregator function might be considerably lower than the measured substitutability of specific categories of traded goods.
The simulations presented in this paper demonstrate the importance of cross-country capital flows for the dynamics of a standard two country real business cycle model, and the resulting sensitivity of the models predictions to the introduction of a friction to cross-country investment flows. The addition of investment adjustment costs to the model reverses the implied cyclical behavior of net exports and the terms of trade for a baseline parameterization. However, the model with investment adjustment costs is capable of generating countercyclical net exports and negative comovement between net exports and the terms of trade for calibrations that assume a low elasticity of substitution between foreign and domestic goods.
The introduction of investment adjustment costs is a very simple and straightforward approach to resolving the model's implications for cross-country investment correlations. Other approaches to resolving the IRBC puzzles similarly address the margin of substitutability, particularly with respect to investment. Baxter and Farr (2001) consider the role of variable factor utilization, allowing for substitutability along intensive margins to dampen substitution along extensive margins. Maffezzoli (2000) models human capital as an additional factor of production that tends to dampen cross-country fluctuations in capital accumulation. Heathcote and Perri (2002) examine a model of portfolio autarky that relaxes the connection between the marginal products of capital in the home and foreign countries, lowering cross-country investment correlations.
Investment adjustment costs have been introduced in this paper not as an alternative solution to the puzzles of the IRBC literature, but to illustrate a more general feature of a wide class of models than can help resolve those puzzles. In the baseline model, the countercyclicality of net exports is driven by the negative co-movement of investment demand across countries. Parameterizing the Armington aggregator with a low elasticity of substitution weakens this link. That is, the assumption of complementarity between domestic goods and imports provides a more robust setting for matching the data in the adjustment-costs model, and is likely to help in other settings as well. Indeed, Heathcote and Perri (2002) found that their model of portfolio autarky matched the data best for elasticity values between 0.5 and 1.0, and they used an estimated value of 0.9.
The model simulations presented in this paper suggest that complementarity between domestic goods and imports is a reasonable calibration for an Armington-aggregator model, and that such a parameterization helps to provide a more robust fit between model dynamics and the data.
Appendix: Nontraded Goods and the Elasticity of Substitution
The Armington aggregator used in the baseline IRBC model distinguishes goods by their production location, treating domestic traded and non-traded goods as a single aggregate, x. Accounting for a distinction between these two categories of goods in a domestic aggregate affects the appropriate selection of an elasticity of substitution between domestic and imported goods. Consider a specification in which non-traded goods are modeled explicitly in a nested CES aggregator function of the form which defines an elasticity of substitution between traded goods, T t , and nontraded goods, n t , equal to 1/µ. A sub-aggregator J(v t ,y t ) specifies an elasticity of substitution 1/ξ between domestic tradable goods, v t , and imports, y t :
The Armington aggregator used in the baseline model in the text, however, is specified with respect to an aggregate of domestic goods, and the price of domestic goods relevant to the baseline model is a price index of traded and nontraded goods.
Specifying the import-good as numeraire, a price index can be defined to express the price of domestic goods relative to foreign goods that is relevant for finding an elasticity of substitution between the domestic aggregate and imports:
where s v =v/x and s n =n/x are share weights of traded-and nontraded-goods in domestic absorption, and the J i and G i refer to partial derivatives of the functions (A1) and (A2) with respect to argument i.
Normalizing and defining units so that relative prices are equal to one in the steady state, appropriate share weights for (A3) can be related to the parameters of the functions in (A1) and (A2). 
Equation (A4) shows that changes in the price of domestic goods relative to foreign goods depends on allocations of traded goods relative to nontraded goods-with an elasticity related to µ-and of imports relative to nontraded domestic goods-with elasticity related to ξ. Finding an expression for the elasticity of substitution between domestic goods an imports-as specified in the Armington aggregator function of the baseline model-is complicated by the effects of changes in allocations of domestic traded goods relative to nontraded goods within the domestic aggregate. In fact, this elasticity will not be constant, but will vary with fluctuations in the domestictradable to nontradable goods ratio. Nevertheless, the use of an Armington aggregator in the baseline model amounts to an implicit assumption that country-specific shocks, rather than sector specific-shocks within countries, are the relevant source of international fluctuations. In this regard it is informative to consider a special case of (A4) where domestic traded goods and nontraded goods are perfectly correlated,
. In this case, the expression for changes in the relative price simplifies to $ $ $ v n x t t t
= =
The bracketed expression in equation (A5) is the inverse elasticity of substitution between domestic goods and imports. Note that it is a weighted-average of the inverse-elasticities for traded goods relative to nontraded goods, µ, and for domestic tradables relative to imports, ξ. As a consequence, the elasticity of substitution implied by (A5), corresponding to 1/η in the Armington aggregator, will be lower than the elasticity between domestic and foreign tradeable goods,1/ξ, if traded goods and nontraded goods are complements-or at least that they have a relatively low substitution elasticity, 1/µ < 1/ξ. To the extent that this condition holds (as is calibrated in the nontraded goods models of Tesar, 1996; and Stockman and Tesar,1996) the appropriate elasticity used to calibrate the Armington aggregator for domestic goods and imports will be lower than elasticities that have been estimated across disaggregated categories of traded goods.
